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Kezdjiik a szikragyijtdsiakRal !

Otto-motor — benzinlizemd, gaziuzemd
Szikragyujtasu motor
Fremdzindung Verbrennungsmotor
Spark Ignition Engine
Positive Ignition (ICE PI) — UNO ECE




Kezdetben volt az oxidacios katalizator...

A harom
komponensre hato
(redox)

katalizator



Az az emissziétechnika, ami megmentette az Otto-motort
anno, az 1970-es évek vegen, az a technika mind a mai napig,

az Euro 6 elGiras kovetelményenel is a megoldast jelenti és
varhatoan a jovoben is.

TWC - Three Way Catalytic Converter (three-way catalysts)
Drei Wege Katalysator

Harom-utas katalizator

Harom komponensre hato katalizator

Redox katalizator

Vajon miért?




Mi a feladat?

A szénmonoxid (CO),
a szénhidrogének (HC)
és a
nitrogénoxidok (NO, NO,)
egyidejl, segédanyag nélkili semlegesitése,
tehat
redukalas és oxidalas,




A katalizatornak kettos feladata van:
oxidalnia és redukalnia kell.

oxidacio

2CO0+0, - 2CO0,

4 ch'l, + (4)( + y)02 — 4)( CO: + Zy Hzo

2 C,H,+7 0, 4CO,+6H,0

redukcio
2NO +2CO - N, +CO,

2N02+2C0—>N2+2c02+02



Reakcidegyenletek

Oxidation Reactions
1. CO+0.50;—= CO;
2. GHg +4.505—= 3C0-+3H-0
3. CGHz +50,: = 3C0O,+4H-0
4, H:+0.50;—= H50

MO Reduction Reactions
5 CO+NO = CO;+0.5M;
6. CsHg+9NO = 3CO5+3H,0 + 4.5M,
7. Hz+MNO —= H:0+0.5M;

http://www.cchem.berkeley.edu/molsim/teaching/fall2009/catalytic_converter/kinetics.html



Reakcidegyenletek

Water-Gas and Steam Reforming Reactions
8. CO+H.0 &> COx+H:
g, CsHg +3H,0 3 3CO +oH;

Ceria Reactions (Oxygen Storage)
10, 2Ce,05 + 0 = 4Cel;
11, Ceyls +NO = 2020, + 0.5M-
12, CO+2Ce0;—» Cexls + Co 4
13, CaHg +12Ce0; GCe,0 + 3C0 + 3H0
14, CsHg + 14Ce0; = TCexls T 300 + dHL0
15, Hy+2Ce0y— Celos + H-0

http://www.cchem.berkeley.edu/molsim/teaching /fall2009/catalytic_converter/kinetics.html



The University of Stuttgart and Volkswagen
(2003-01-1001) reported results from a mathemat-
ical model of a TWC operating in a high
conversion SULEV system based on the following

reactions:
H, + 050, —» H,0 @
CO + 050, = CO; (i)
CsHg + 4.50; — 3CO; + 3HO (iii)
CsHg + 50; — 3CO: + 4H,O (iv)
H, + NO — H,0 + 05N, )
CO +NO — CO; + 0.5N: (vi)

CsHg + INO — 3CO, + 3H,0 + 45N,  (vi)
C;Hg + 10NO — 3CO, + 4H,0 + 5N,  (viii)

) (Ce2O3 + 0.50, — 2Ce0O (ix)



A cérium oxigéntarolo tulajdonsaga

A cérium oxigéntarold tulajdonsaga és hatasa abbdl ered, hogy
harom- és négyértékd oxidokat képez. Oxidalo korilmények
kozott a kovetkezd reakciok jatszédhatnak le:

Ce,O03 + 720, 2 2 CeO,

Ce,05 +NO - 2CeO,+72 N,

Ce,0; +H,0 - 2 CeO, + H, .

Redukalod kéralmények kozott (dus keverék) viszont a CeO,
oxidaldszerként viselkedhet:

2 CeO, + CO - Ce,05+ CO,

2 CeO, + H, > Ce,053+ H,0

Ce,03 Cérium(lll)oxid
Ce0, Cérium(IV)oxid
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One of the first Bosch Lambda Sensor types, late 1970ies, part of Bosch Archives collection

In 1977 U.S. manufacturer Ford sealed a supply deal with Robert
Bosch GmbH for more than three million units per year. By 1982 it was
heatable, 30 seconds after the engine was started from cold.

A variation on the zirconia sensor, called the "wideband" sensor, was
introduced by NTK in 1992.
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Around 1950

The French engineer Eugene Houd 'Y invented the automotive

catalyst and founded the Oxy-Catalyst Company.

Eugéne Jules Houdry (Domont, April 18, 1892 — Upper Darby, Pennsylvania, July 18,
1962) was a French, later naturalised American, mechanical engineer (graduated
from Ecole Nationale Supérieure des Arts et Métiers in 1911) who invented catalytic
cracking of petroleum feed stocks.

Oxy-Catalyst

After World War Il, Houdry formed the Oxy-Catalyst Company and turned his attention
to reducing the health risks associated with the increasing amounts of automobile and
industrial air pollution. His generic catalytic converter, which greatly reduced the

amount of carbon monoxide and unburned hydrocarbons in automobile exhausts, was
granted U.S. Patent 2,742,437 in 1956.



A katalizator feltalaldja

- Erfinder: Eugene Houdry

- Houdry machte sich Gedanken Uber den
Einfluss von Autoabgase

- er grindete die Oxy-Catalyst Company —
zustandig fur Entwicklung von
Abgaskatalysatoren von Benzinmotoren

- Houdry = seiner Zeit voraus — 1956 Patent
fur die Kats

- ABER: Am Antiklopfmittel der Katalysatoren
war Blei, welches die
Autoabgaskatalysatoren vergiftete.

Oxy-Catalyst

After World War I, Houdry formed the Oxy-
Catalyst Company and turned his attention to
reducing the health risks associated with the
increasing amounts of automobile and
industrial air pollution. His generic catalytic
converter, which greatly reduced the amount
of carbon monoxide and unburned
hydrocarbons in automobile exhausts, was
granted U.S. Patent 2,742,437 in 1956.




Chemist Carl D. Keith and John J. Mooney with their team at Engelhard came up
with the first production catalytic converter in 1973. The three-way catalyst
developed by them allowed all three exhaust pollutants (hydrocarbon, carbon
monoxide and nitrogen oxides) to be remedied using a single catalyst bed.

John J. Mooney (1929 - ) Carl D. Keith (1920 - 2008)



Harendra Sakarlal Gandhi
(Haren, as he was known)
1941.05.02.—-2010.01.23.

US National Medal of Technology
for research, development and
commercialisation of

automotive exhaust catalyst
technology and precious

metal utilisation that he received
from President

George W. Bush in 2002.

Throughout his long and distinguished career
with the Ford Motor Company Haren Gandhi
was concerned with controlling tailpipe
pollutants from cars, and through his work this
article reviews the huge amount of progress
made during his four-decade career. His
early work with gasoline engines embraced all
of the major developments ranging from the
first platinumbased oxidation catalysts
through nitrogen oxides (NOXx) reduction using
platinum-rhodium catalysts and the later
introduction of palladium into three-way
catalysts (TWCs) via ‘trimetal’,palladium-
rhodium and palladium-only formulations.
Gandhi’s other work included the interactions
of poisons with catalysts as part of maintaining
their in-use performance, The potential for
using ruthenium in NOx control in gasoline
TWCs and NOx adsorbing catalysts (NACSs)
for leanburn engines, and the use of zeolite-
based selective catalytic reduction (SCR)
catalysts for effective diesel engine NOx
control.



A TWC katalizator
felépitése







A TWC katalizator e —
felépitése

,,,,,,

oxidation catalyst
to elimiate carbon monoxide(CO)
and unburned hydrocarbons{HC)

cerium and ceramic

tail pipe emissions
honeycomb catalyst structure

H20 (water)
CO2 ( carbon dioxide)
N2 (nitrogen)

reduction catalyst
to eliminate NOX

heat shield

stainless steel
catalytic converter body

catalytic active material
alumina oxide - Al203
cerum oxide - CeQ2

rare earth stabilizers
metals - PtYPd/Rh
exhaust gas for oxygen
HC (hydrogen) sensor plug
CO (carbon monoxide)

NOX (nitrogen oxide)

major reaction

CO+1/2 02=C02
H4C2+302=2C02+2H20
CO+NOX=CO2+N2



Vazkeramia Rodney Bagley, Irwin
metallic Lachman és Ronald Lewis Corning
honeycomb Glass. Bekerultek az USA National
Inventors Hall of Fame (2002)

steel casing

mounting ﬂange\

, N
1 Szubsztrat, support
metallicheneycomb __~ kordierit vazkeramia
\ o keramia monolit
y—ALO, support E A B J

: Washcoat
y—ALO, support anyaga:fémoxidok

Platinum

Rhodium
metallic honeycomb

Ce-Zr mixed oxide



A harmas hatasu, redox katalizator

Stahlblechgehause

warmfestes

Drahtgestrick
wabenartiger
Keramiktrager

katalytisch
frager aktive Schicht
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Al,O; keramiak
(aluminiumtrioxid - alumina)

magnézium-aluminium-szilikatok

Kaolinnal, agyaggal, korunddal és mullittal
adalékolt talkumok.

A kordieritek altalanos kémiai 6sszetétele:
14 % MgO, 35 % Al,O; and 51 % SiO,
A kordieriteknek kicsi a h6tagulasi
egyutthatojuk,
kivald hésokk allésagi kovetelmények mellett
nagy szilardsaguak.
Megkulonboztetink pordzus és tomor
kordieriteket.




Specifications Cordierite /kordierit

Molecular Weight (g/mol.) 505

Bulk Density (g/cm3) 0.42
Thermal conductivity (cal/s-cm-°C) 0.002
Melting Point (°C) ~1179- 1471
Specific Gravity (g/cu m) ~2.3
Specific heat @25°C (cal/g-°C) 0.35

Color tan

Mohs Hardness 7

Water Absorption % at room temperature 00210 3.2
Thermal Expansion (in/in*C (20deg. C-700 deg.C) 2.3 X106
Specific Gravity 2627

Crystallography orthorhombic
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A keramiavaz geometriai méretei, jellemzoi

« s = repeat distance
« w = wall thickness

N = cell density (1/ s?)
*d,, = hydraulic diameter (s —w)
 OFA = open frontal area (Nd,?)
GSA = cat. loading area (4Nd,)
MIF = mechanical integrity factor

(W?/[(s)(dy)])

Hordozo azonosito:
N/w - cellas(irliség/falvastagsag

Cellasliriség méroszamok:
cellaszam/coll?
cellaszdm/cm?



Characteristics of three commercialized ceramic monoliths

Cell Density

(cpsi) / (cpscm)

Wall Thickness

(in) / (mm)

Open Frontal Area (OFA) (%)
Geometric Surface Area
(GSA)

(in’/in®) / (m?/dm?)
Hydraulic Diameter

(in) / (mm)

Modulus of Rupture
(psi/cpscm)

Porosity (%)

Coefficient of Thermal
Expansion

(x107 cm/cm/°C
(25-800°C))

Max average

Mean Pore Size (Lm)

100 / 15,5

0.017 /0,432

34,5

33.3/1,31

0.0813 / 2,11

350

438

13

200/ 31,0

0.012 /0,302

34,5

47.0 / 1,85

0.059 /1,49

300

48

13

400 / 62

0, 0045 / 0,102

84

69 /2,72

0.0455 /1,09

48

13



Product Attributes

CORNING




Cellaslriség (cpsi = cells per square inch)
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100 cpsi 200 cpsi 300 cpsi
Nagy cellasilriséqg:

- Ellennyomas megnd - Katalizator aktivitasa megno
- Felllet megnd - Koromtarol6 képesség megnd



Cenveitlen in Y%

Light-Off Temperature
Decreases

h HE

\ 05{)

Conversion increases

90

TEQ Light-eht Toampaoratwie in *C

: : 250
200/6 500/ G003 90012 400/ 600/4 600/3 9002

A cellasiriség novelésével és a falvastagsag csokkenésével
- no0 az atalakitasi fok,
- csokken a beindulasi h6mérséklet (Light-Off).

Forras: Corning






A washcoat reteg

SUBSTRATE

Kozbensé réteg/bevonat
Kbztes réteg
FelUletnoveld reteg

r )
Al,0,, SiO,, TiO,,

CeO,, Zr0O,, V,0Oq,
La, 0, és zeolitok

Alumina film 8
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Washcoat, 20 - 30
micrometer

Wall 0.15-0.5 mm

SEM Photograph of Catalyst Washcoat

A washcoat réteg vastagsaga:
20-40 um

Fajlagos felllete:

>100 m?/g




Backscattering SEM micrograph of the alumina film of the (a) new and (b) used
automotive catalyst.




Properties of the monoliths
Main
components SeeT ml,fg
JTC

Ti0y / 700°C 86 TiO(anatase) + Al,05*Si05 8 0.36
TiOs + ZrQs [ 700°C 69 TiOs(anatase) + ZrO;(cub.) + Al,05%5i0, 13 0.36
Alumosilicate / 700°C| 33 Al03™510; + a-Si0; : 0.12
Al;03 [ 600°C 130 y-Ala03 28 0.34
H-ZSM-5 [ 600°C | 350 H-ZSM-5 + Al;03%Si03 20 0.4

Phase composition . 5| Pore volume
at T°C ech. Strength, kg/cm (water), cm¥/g

The monoliths based on TiO3, Zr03, and Al205 still possess relatively high surface area and acceptable
mechanical strength that allows their application as 5uppurt5 for monalith catalystﬁ

:‘TF‘.%

Washcoatlng Iaye

Micrograph of cross-section view of washcoating layer on monolith surface with different enlargement.

Boreskov Institute of Catalysis SB RAS - www.en.catalysis.ru



(a) Backscattering SEM micrograph of a piece of a new automotive catalyst, and (b)
detail of the alumina thin film on the cordierite.




Backscattering SEM micrograph of the alumina film of the (a) new and (b) used
automotive catalyst.







Katalizis See

e Katalizator: olyan anyag, amely anélkul valtoztatja
meg a reakcio sebességét, hogy 6 maga elfogyna a
reakcioban.

Uj reakciéutakat nyit meg.
Csokkenti az aktivalasi energiat
Ugyanazon reaktansokhoz vezet.
Az enzimek biolégiai katalizatorok.

e Inhibitor: Olyan anyag, amely csokkenti a reakcio
sebességet (,negativ’ katalizator)

[~ s



Katalizator és a reakcio sebessége| 2:°:

e A katalizator egy adott reakcio
aktivalasi energiajat csokkenti.

e A katalizator Uj
reakciocsatornat nyit meg.

e A kisebb aktivalasi energia
miatt a reakcio gyorsabban
jatszodik le.

Energy —p

2 o Az egyenstlyt nem
befolyasolja, az oda- és vissza
reakciot egyforman gyorsitjal!

Progress of reaction —Pp»



A katalizatorok a kémiai atalakulas szamara uj, kisebb aktivalasi energiaju
reakcioutat biztosithatnak.

F 1
Energy | 00 s 4 Activation Energy
without catalyst
J y

o D v Activation Energy

//\\ with catalyst

| I

Reactants E _____________ I'h ¥
Proclucts
-

Progress of reaction

A reakcidosebesség mértékegysége: mol/dm3xs



A cél a katalizator
nemesfémek
mennyiségének
csokkentése az
agglomeralodas
megakadalyozasaval.

Hagyomanyosan
0,55 g/dm3 helyett a
finomeloszlatassal a
MAZDA 0,15 g/dm3
ertéket ért el.

Precious-metal usage cut
with Mazda nanocatalyst
10-Jan-2009 07:01 EST

Base material
(ceramic)
Precious metal

particles
larger than 10nm

Several tens
of nm
1
Several
hundreds

When heated, precious metal
particles move across the surface
and become agglomerated.

A PO P Pt Dl PL S
| .
‘.
pAR S
_catalyst
{2 2rfd; Sl

Base material
(ceramic)

Precious metal
particles
smaller than 5nm

Several tens
of nm

/]
£

Precious metal particles do not
become agglomerated as they are
embedded in the base material.




The recoverable amounts of Pt, Pd, and Rh in each can range from 1-2 grams
for a small car to 12-15 grams for a big truck.

Elements
W

0.01 0.1 1
Concentrations (%)

Figure 5. Range of concantration for Pt, Pd, Bh and relevant matrix elements found in the invastigated samplas

www.thermofisher.com/hu/en/home.html



Conversion Efficiency vs. Catalyst Inlet Temperature
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https://www.catalyticcombustion.com




Catalytic Activity as a Function of Space Velocity
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https://www.catalyticcombustion.com




Effect of Precious Metal Loading on Catalyst Performance
GHSV = 150,000 hr?

VAT

#
;
&
5
:
g

5Pd/1Rh |
/ / / \ 50 g/ft3

1,765 g I

GHSV = Gas Hourly Space Velocity

G600 o0 300

Catalyst Inlet Ternperature [°F)

Precious Metal Loading (g/ft3) —135 — 35

https://www.catalyticcombustion.com
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Uj TWC katalizator
kialakitasok



Flow Adjustable Design Cell (FLAD®) substrate

FLAD is a registered trademark of Denso Corporation.

Catalyst Structure

Conventional Catalyst

Exhaust gas channel

New Catalyst

Ceramic wall

Higher cell density

Lower cell density

Catalytic material washcoat layer

Toyota Motor Corporation



New catalyst is world’s first integrally molded FLAD® substrate
Groundbreaking design reduces catalyst volume by 20 percent

of exhaust gas within the catalyst
Conventional Catalyst New Catalyst
Cell cross-sectional area: Uniform Cell cross.sectional area: Smaller
: (Hrgher cell density) 20% less

 Cross-section - Cross-section volume

Cell cross-sectional area: Larger
(Lower cell density)



Ceramic honeycomb
region




Continental Ring catalyst
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The core of the catalytic converter is wound from “LS” metal foil, a material
developed by Continental. Longitudinal structures (= LS) in this foil or
substrate create more turbulence in the exhaust gas. This ensures better
contact between the nitrogen oxides and the catalytically coated substrate,
resulting in higher conversion efficiency.







TWC PM szirovel

Err6l késdbb lesz sz6



A katalizator meghibasodasai

* Mechanikai sérulés
* keramiahordozé (monolit) torés
* fémhordozoé (fémmonolit) deformacio

e Katalizator mérgezédes
e pl. 6lom, kén, foszfor

e Katalizator hatasfok vesztés
e nemesfém szinterezodés

* Termikus tulterhelés
* washcoat finomszerkezet
* wash coat leolvadas

* hordozdanyag lagyulas, megolvadas



Metal
Crystallite

<« A »

Support

precious metal 7-alumina wash-coat
.

Schematic illustration of the cordierite
catalyst deactivation due to i

the thermal effects.

cordierite




A 3-komponensre hato katalizator (TWC) fedélzeti
diagnosztikaja (OBD-feliigyelet)

Ha a katalizator eloregedett az oxigéntarolo képessége is
eroteljesen lecsokken.

Jo allapotban a monitorszonda csekély oxigént, kis amplitudéju
koncentracio hullamzast mutat.

Kis hatékonysagu allapotban lekoveti a katalizator belépési
oxigénkoncentraciot!

Katalizator
Kataizitor O K @ ® @

M/\P

Szahalyozészonda ~ ™ Monitorszonda

L
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A szomoru
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Katalizator
termikus
fluggése

1400

1200

Tulmelegedés

Igen er6s dezaktivalas

A hordoz6 olvadaspontja : 1380 °C

a hordoz6 részleges karosodasa, lagyu-
lasa: 1200-1300

a wash-coat levalasa 1200 °C -t6! kez-
dédoéen,
a Pt és Rh kristalyosodasa

1100

Atmeneti allapot

Jelentds termikus dezaktiva-
las /6regedés/

Gyenge kémiai dezaktivalas
/6regedés/

Atlagos termikus tartomany
dezaktivalas /6regedés/

a y-aluminium zsugorodasa

800

600

400
270

230

Mikodési tartomany

Atlagos termikus tartomany
dezaktivalas /6regedés/
Gyenge kémiai dezaktivalas
I6regedés/

Gyenge termikus dezaktivalas
/6regedés/

Jelentés kémiai dezaktivalas
/6lom, cink, foszfor, kalcium,
magnézium hatasara/

Eléregedett katalizator indu-
lasi hdmérséklete

Uj katalizator indulasi hémér-

séklete

optimalis mikodeési tartomany

200

Nem aktiv hémérséklettarto-
many

30-90 s a hideginditas utan

85
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